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Abstract

This thesis provides a foundation for future research
on the subject of readability formulas and their use +ith
Alr Force publications. It examines readahility’s
historical roots and studies pertaining to the topis of
readability and its application to the United States
Military in general, and the United States Alr Force in
particular.

This presentation also describes and analyzes Afr Foroe
policies relative to the readability of its publications.
The results of this analysis indicate that the current
procedurcs, employed by the Air Force, inadequately address
the readability of publications. The spcecific problems that
were identified fell under three areas.

The first area addresses the Air Force's decision 'o
wiicC Tetiaical Crdess to 2 icth grade reading level. This
decision i1s unsubstantiated on either economic or e¢fficicney
grounds,

The second problem counceons *he aquestionahle
methodology used by the Air Force to verify that the desired
reading grade level has indeed been achieved. The problem
revolves around the use and misuse of the Kincaid

readability formula.
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De Matericl Nerospatial (AECMA Simplified English Guide for

the Preparation of Aircraft Maintenance Documentation in the

Aerospace Maintenance Language) as an aid for nroducing
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simplificd technical ~riting. This is a problem bhecause
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READABILITY FORMULAS

AND ATIR FORCE PUBLICATIONS:A

REVIEW OF THEIR DEVELOPMENT AND

AN _EXAMINATION OF THEIR APPLICATION

1. Overviea

General Issues

he United States Air Iorce generally recruits high
senwol graduates to be members of its enlisted forces.
These individuals quite naturally, possess varied aptitudes
and abilities; however, upon entering the service, they arc
required to be able to read and understand the numerous
resulations, technivcal orders, and other government
document s which are pertinent to their duties. Therefcre,
these publications must be written to a level commensu-atoe
with the reading skhills of the intended audience. If thes
are not owritten to such a level, there is the possibiltisy of
Cremenidous damage to equipment, injury to personnel, and
possibly fatalities (Kincald and others, 1967:1;, Johnsan, k.
and others, 1972:7; Hooke and others, 1979:5).

Because vital information is presented in these
publications it is critically important that they be

readab le; but are they? [f thoy are, we can all breathe a




collectrive sizgh of reliel, krowing that the service men and
~omen, who are working on our planes, missiles, radars, an'l
other vital systems for the defense of our country, arec
being given readable and understandable Technical Orders and
maintenance documents., If, on the other hand, the material-s
presented to the service member are not in a rcadabl- Yorm,
the potential for loss is hizh, But what cxactiy
constitutes a readable publication?

Thomas Huckin defines writing as readabie "to the
evtoent that its meaning can be easily and quichkly
comprehended for an intended purpose by an intended rooor
operating under normal conditions of alcertness, mot ivar Do,
time-pressure” (Huckin, 1983:91). In general, roadaiiiiity
is> measured according to the grade level required for
understanding. Thus material with a readability loevel of
should be able to be understood by a reader who possessss
reading ability at the 9th grade level. Normally the
methodology employed to test this relationship is in the
form of readability formulas.

Klare, in his 1963 book The Measurement of Readabilir:,

states that a readability formula should serve as o
predictive device which would provide a quantitative,
objective estimate as to the difficulty level of a piceoc of
sriting., He adds that these formulas should be broad enouzh

in scope so that they could provide estimates over a range

of applteability and difficulty (Klare, 1963:33-3.1).




To develop this estimate, readability formulas in
seneral use quantifiable syllable, word, sentence, or
paragraph factors as determ nants of a text’s reading level.
These factors, although employed differently by different
researchers, are used with the ultimate goal of developing a
mathematical technique for determining a text's readabili‘y
level., Specifically the United States Air Force uses ~he
Kincaid readability formula to assess the readability of ts
Technical Orders (for additional information.on this subjee:
sec Appendix €, and the research of Kincaid and orhers
discussed in chapter 1).

In this paper the subject of readability and
readability formulas and their relationship to Air Force
publications will be explored from the following
perspective: first, readability’s historical roots will be
examined. Included in this evaluation will be a descriptirn
of significant readability formulas. Next, studies
pertaining to the topic of readability and its application
to the United States Military in general, and the United
States Air Force in par.icular, will be reviewed. Finally,
conclusions will be drawn concerning the applicability of
using readability formulas when writing military

publications.




Problem Statement

The United States Air Force's military and civilian
members are given the responsibility for writing
regulations, training materials, and other Air Force
publications with little guidance on how to complete their
tasks. Fortunately most of the individuals assigned “he
responsibility for writing these publications have the
technical skills required to know what information should b
included in them. Unfortunately, however, these same poople
may not have the requisite writing ability necessary to
effectively transfer their knowledge to their audience by
producing a readable document.

One likely scenario has the author seeking assistance
from coworkers on how to best accomplish the tasking. From
these sources the author could be given such advice as:
"write it just like the old one," or "go to the Air Force 0O-
2 (a document listing all Air Force Regulations); I am sure
they must have information on the subject."

If, on the one hand, our author decides to write the
new document in the same format as the old one, any
readablility errors associated with the old document are
likely to be repeated. If, on the other hand, the author
chonses to investigate the Air Force 0-2, all types of
directions are available on how to produce readable
publications. Unfortunately, readability guidance 1is not

easily located, nor is there any evidence for the validity




of the recommendations given. Therefore, the principal
focus of this paper is to examine the current Air Force
procedure for incorporating the subject of readability into
its documents and to provide a useful synthesis of resecarch
on the impact of readability and its relationship to Air

Force publications.

Methodolosy

The primary purpose of this research s tu provide a

useful tool for the military member who 1Is concerned with
the subject of readability and its relationsnip to military
publications. To accomplish this task, this paper begins
with an extensive review of the topic. This review focuses
on two areas: (1) the significant readability formulas that

1

have developed over the years, and (2) the articles which

deal ~with the topic of readability of the militars:
publication.

To acquire information on significant readability
formuias, the resources at the Air Force Institute of
Technoiogy (AFIT), the University of Dayton, and Wright
State University were used to provide the fundamental data
base., However, to obtain relevant information on the
relationship between the subject of readability and military
publications it was necessary to go beyond the resources

avallable to a normal college library. In fact, a

computerized literature search using the Defense Technical

N




Information Center (DTIC) system proved to be the primary
source of data in acquiring articles which dealt with this
topic. The DTIC system consists of three separate data
bases, each of which specializes in a particular type of
information: (1) The Research and Technology Work Unit
Information System (WUIS) is a database of on-going
Department Of Defense research and technology efforts at rhe
work unit level. (2) The Technical Report (TR) database 1is
a repository of bibliographic records of technical reports
submitted to DTIC. And (3) the Independent Research and
Development (IR&P) database is a database of contractors
independent research and development efforts shared with the
Department of Defense.

Information on the subject of readability and on the
current procedures, techniques, and rules pertaining to this
topic and its relationship to United States Air Force
writing were acquired by consulting the Air Force's 0-2.

All regulations related to the subject of readability were
explored. As a result of this initial invesligation, the
following list of regulations was chosen for more detailed
analysis:

AFé 5-1, "Air Force Publication Management Program"

AFR 5-8, "Preparing Air Force Publications"

AFR 8-2, "Air Force Technical Order System"

AFR 18-1, "Preparing Written Communications"

AFR 35-8, "Air Force Personnel Testing System"




Additional official information on this subject was acquired
by analyzing military specifications MIL-M-38734B (Military

Specification Manuals, Technical: General Style and Format

Requirementsy), DOD-STD 1685 (Comprehensibility Standards

for Technical Manuals), and MIL-STD-1752 (Military Standard

Reading Level Reyuirements for Preparat! ion of Technical

Orders) Notice !
The Air Force unofficial guide to effective

communication, Air Force Pamphlet 13-2, Tongue and Qui.l,

was aiso reviewed for its applicability to this tonic.

Limitations of Study

This thesis is not intended to assess the current
readability of regulations, technical orders, or other Air
Force publications; nor is it intended to act as an advocate
for any particular readability formula. Additionally, the
only readability formulas discussed in detail in this paper
are those that have advanced the scope of this field or
those that directly affected the relationship of readability

assessment methodologies and military publications.

Presentation of the Material

Chapter two of this thesis discusses early research in
readability, including an analysis of significant
readability formulas. This material is included to provide

a fundamental understanding of this subject, and to




establish the necessary backZround for comprehending aspect s
of readability as they pertain to the military publications.
Chapter three also examines readability formulas.

These formulas, however, are significantly different from
those in chapter two. These formulas have been used to
assess the readability of military documents, or they have
been newly developed and thus address the topic of
readability from a novel perspective.

Chapter four, which reviews the above mentioned
relationship, is divided into three sub-sections: saction
one contains an exploration of readability formulas
developed exclusively for military use; secticn two
investigates articles dealing with the relationship between
military publications and the topic of readahility; ond
finally, section three analyzes articles which closely
parallel the subject of readability.

Chapter five consists of an analysis of the Air Force’s
current procedure for ensuring the readability of its
publications. This analysis includes: summaries of the
techniques that the Air Force uses to obtain readable
publications, a rationale (when available) for using the
technique, and finally a critical assessment of that
rationale.

Chapter six consists of conclusions based on the review

of the literature and recommendations for future research.




2. The Early Development of Readabiltity Formulas: 1923-1¢42

The principal focus of this chapter is to provide the
novice with a brief background on the topic of readability
and a description of significant, early readability
formulas. This chapter describes the development -f the
readability formula from its birth in 1923 to its maturation

in 1542,

Historical Background

From the time when words were first invented and usad
for communication, it has been important for writers to
consider their intended readers. For it is the author’s
choice of appropriate words and phrases which otten make the
difference between the reader experiencing effective
communication or utter confusion. From biblical times the
importance of rcadability has been repeatedly stressed in
the literature. One of the favorite quotations of early
advocates for clear expression comes from ! Corinthians
14:9: "Except ye utter by the tongue words easily to be
understood, how shall it be known what is spoken? For jc
shall speak into the air."

he idea of trying to measure readability probably had
its origins in an 1852 article written by Herbert Spencer,
entitled "The Philosophy of Style." 1In this article Spencer

showed how the judicious use of word choice by authors




allowed the reader to better comprehend a given sub ect.
Spencer argued that humans have a limited capacity to
comprehend information so that "time and effort devoted tu
the decipherment of meaning would be subtracted from the
energy left to consider the meaning itself" (Hirsch,
1977:78). Spencer further stated that efficient writing i
the key to making articles moure readable, and that proper
word choice was the key to that efficiency.

In 1889 and 1898 respectively, N. A. Ruberkin anl F.
Kaeding conducted separate studies which advanced Spencer’
qualitative statements on readability. They attempted to
provide a scientific basis for relating vocabulary choice
reading difficulties through word count procedures {Lorge,
1244:9543-552).

The early works on word counts set the stage for wha-
was easlly the most important occurrence of the
prereadability formula period, the publication in 1921 of

The Teacher's Word Book, a text by E. L. Thorndike (Klare,

1963:30). In this book, and its subsequent revisions in
1932 and 1944, Thorndike examined samples of text and then
listed words, based on the fregquency with which they
appeared Iin print. The idea was that the more often a wor
appeared in print, the more easily that word was thought t
be understond,

According to Klare, Thorndike's research was importan

not only because it provided the impetus for the work of

16
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Lively and Presser, who in 1923 developed the lirst
readability formula, but also because it served as a basis
for many future readability studies (Klare, 1963:20j).

Word frequency, however, was not the only readability
variable to be investigated during this time period
(Lamoreaux, 1985:14). Other researchers looked at such
diverse items as sentence length (Sherman, 1293:236-268) and
the use of multisyllabie words (Bear, 1927) in their effrts
to develop readability formulas, and in’turn to assess an
article's readability.

The specifics of how some of the early, significan-

readability formulas developed are listed below.

Lively and Pressly

The work of Lively and Pressly is important tao the
subject of readability not only because it represented the
earliest acknowledged quantitative study using a readability
formula, but also because it inspired future researchers to
develop their own readability formulas (Chall, 1958).

The Lively and Pressly technique (1923) attempted to
determine the vocabulary difficulty of a book. To
accomplish this task, they systematically sampled 16600 -ords
throughout a text and then applied the following procedure
to those words: they calculated the "vocabulary range" or
the number of distinet words appearing in the sample; they

then assigned a difficulty index to each word based upon




Therndike's Teacher’s Word Book. A word found appearing in

Thorndike’s most frequent 10088 words was given a point value
of ten, the other words in the book were assigned point
values such that the less frequent they were, {(based upon
the Thorndike index} the lower point value they would
receive. Words that did not appear at all in Thorndikce's
most common 16,0600 words were assigned a point value of zero
and were counted twice when calculating the "weizghed median
index number.” The final step of the Lively and Pressly
rrocedure consisted of simply calculating the median index
for the sampled words. The lower the median index was
scored, the more difficult the vocabulary was thouzht toe be
{Klare, 1963:37-38).

In an effort to confirm the reliability of this neuwly
developed procedure, Lively and Pressly tested their
readability formula against sixteen sceparate picces of
reading material which had been previously judged to he of
different reading levels. The results of these tests
indicated that their computed weighted med an index agreed
consistently with the previously judged materials’
difficulty level., Continuing with their initial
investigation, Lively and Pressly eventually established «
welghted median index number for reading grade levels with a
range of difficulty from second grade through college

{Klare, 1963:37,38,75).

12




Lively and Pressly’s work is regarded as important
because it is given credit for creating an explosion of
interest in developing readability formulas, an example of

which is the work of Washburne and Vogel.

Washburne and Vocel

In 1928 Carleton Washburne and Mabel Vogel appii-d the
Lively and Press!ly formula to 706 children®'s books. The:
then determined the grade level of the children who [iked
the books by usinz the child’s score on the Stantord

Achievement Test. This grade level was then compared ith

D

formu.a.

the medium index scure in the Lively and Pressly
From this comparison a correlation coefficient <f .30 -vas
obtained.

The Washburne and Vogel findings were significant, nct
only because they provided the first validation of a
readability formula using an independent, vutside criterion,
but also because they provided a starting point from which
these authors could develop their own readability formuia
(Klare, 1963:39).

The Vogel and Washburne procedure is of special
interest to the student of readability because 1t is
considered tu be the precursor of the modern readability
formula. Their innovative technique consisted of: choosing

a sample passage of 1000 words from the book to be analyzed,

count ing the number of different words in that sample,

13




count ing the total number of prepositions in the sample,
determining the number of words not listed in Thorndike's
list of 10,000 words, and then counting the number of <implc
sentences which appeared in a sample of 75 sentences. Once
these steps were accomplished, the regression equation was
usced to determine the reading score (Klare, 1063:39). Thi-
score was computed by using the following formula:

A 085 B + 1601 C - 604 D - 111 E + 17.140
where A was equal to the reading score, B was equal to rho
number of different words in the sample, € was cgual to
total number of prepositicons, D was cagual to the number
words not listed in Thorndike's 10,000 weords, aand I oavas

equal to the number of simple sentences in a tested sample

of 73 sentences.,
Dcleh

Anovther author who explored the subject of readabiiic;
during this time frame (1923) was Edward Dnlch. Doleh
examined textbooks written for srades one through four. In
his analysis of articles’ readability Doleh used the
o -

following five indices of difficulty: the percentage of

difficult words (based on the Dolch's Combined Word Study

List, the percentage of different words (again usinzs the
Dotch combined word study list), the degree of difficulty o7
words, the median freguency of difficult words, and finally

the degree of difficulty for any supplementary reading

11




material (Dolch, 1928:176-183;. Dolech found a ~ide degree

of difference in the difficulty level of texts supposedly

written for the same grade level.

Lewerenz

A. S. Lewerenz explored the subject of reacabi

o oentirely different perspectives. Because ho'h
Approaches were unigue they bear closer examination.

Leserencg's first approach to the subject of readabili:
{7020 was one f the oddest in the history of the sublj-=o-.
His four step echnique consisted of: sampling a passage
1000 words to determine the number of differcent worcs
present; count ing the number of words beginning with each
letter of the alnhabet and then calculating the percens ase
of words beginning with the letters W, H, and B (by his
deflinition the easy words), as weil as the percentage of
words that started with an T or an E (again by his
definition the hard words); consulting a table to obtain «
normat ive score for each percentage; and finally computing
an average score to provide a orade placement level soore
For the vocatbulary (KRlare, 1953:10-11).

Leverenz's second attempt at measuring readabi ity
(1950 «as ditfferent from his first effort, but equall:
bizarre. Rather than counting words which began with

various letters of the alphabet, Lewerenz evaluated articles

based on the ratio of Anglo-Saxon words to the ratio of




words vith Greell or Roman (Latin) derivation. From the
ratius obtained he assigned varlous grade levels to the
articles {(Klare, 1963:41). The more Anglo-Saxon werds

present in the article, the easier it was considered o

read.

Johnson

Geourge R. Johnson (1330) sought to develop a
readability formula that was simple to use and alsy
celiable.  His method of caleculating the readabil ity of o

~orh o simply consisted ofr selecting thirvty 100-v0rd
seetions From the text to be analyzed, coun' ing the numi v
of polysyllabic words present in these sections, and
determining what percentage of the total words ecamined o
polysylilablce words. Johnson claimed that Ly using this
merhod, a book's reading difficulty level could he
determined In approximately 30 minutes.

Johnson's research cited specific evidonee for the
reliability of using the polysyllabic word count as a
determinate of reading level. This information, “hich he
substantiatced his conclusions, was ob ained trom
four different sources: studies which show bhetter

understanding by students who read a story in mons sy Plal i

~ords than by those who read it in polysyltiabic words,

inverse relation which exists between polysyliabic words and

Thorndike's word frequency index, the increased use of




polysyllabic words in texts designed to be used by highor

grade levels, and the close relationship between the number

of polysyllabic words and the number of technical words used

in the seven books he examined (Johnson, G., 1930:283-2087).
A few years later Thorndike examined the subject of

readability from a slightly different perspective.

Therndike

In 1934 Thorndike developed a procedure for determining
the readability of a book. His methodology consisied of *he
following two steps: sample at least 10,000 words frcm *he

text, and count the number of words included in each of (he

different categories of the Teacher’'s Word Book. Based on

R o2 B i ]
srade level

this count it was then possible to determine the
at which the book was written.

It is interesting to note that Thorndike's readability
formula perhaps best charactecrized the early work in
readability. This period was shaped by an emphasis on
vocabulary as the primary determinate to predicting a
subject's difficulty level, a dependence on the Teacher's
Word Book as a method of determining a vocabulary’s
difficulty, and the use of relatively simple mathematical
formulas for calculating a work’s readability (Klare,

1963:441).




O jemann

In 1934 Ralph Ojemann approached the subject of
readability from a novel perspective. He sought to
empirically determine which factors were most closely
related to reading difficulty. The factors Ojemann chose to
investigate fell into three broad areas. The first area,
sentence factors, was subdivided into: the number of simpie
sentences, the number of complex sentences, the number of
compound sentences, the number of dependent clauses, the
number of prepositions, the number of prepositions plus
infinitives, the average length of the dependent clauses,
and the ratio of total words in the independent clauses tu
the total words in a section.

The second area consisted of vocabulary factors. This
section included six subsections: the percentage of words
in Thorndike's first 1000 words, the percentage ol words in
Thorndike's first 2000 words, the percentage of words knuvwn
by 70 percent of sixth grade pupils, the percentage of words
known by 90 percent of sixth grade pupils, the mean
difficulty of different words, and the mean difficulty four
cach word,

The final area Ojemann sought to investigate was
gqualitative factors. Included in this category were: the
concreteness, as opposed to the abstraction, of a relation,
the obscurity of expression, and the incoherence of

expression (Klare, 1963:44-45).

18




As a result of his extensive investigation Ojema.an
found that there was a correlation at the .60 leve. or
better between his vocabulary factors and an article’s
reading difficulity. For the sentence factors, only the
number of simple sentences, the number of propositicons, and
‘he number of prepositions plus infinitives showed

’
L

correlation to that level. Additionally Oemanr. ooneladed
"hat fhe gualitarive actors were important to an art Lo .o's

PRI 1

fthcugh he could not compute a mathematical
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for them (Ojemann, 1934:311-32).

Dale anid Tyler

Cr
8]

Dale and Tyler's study (1934) was similar to the w

2 Ojemann in both content and form.

&
o

These authors sought to develop a means Ly “hich th
n.d determine the factors influencing the reading
ifficuity for adults of limited reading abiiits. In their
study they looked at 2353 different items toc see which had a
strong correiation with reading difficulty. The items -he:
investigated could be roughly zrouped into the fullow.ing
elight categories: technical words, ecasy words (which thoy
defined as words common to both Thorndike's first 1000 words
and tou the list of the Internaticnal Kindergarten Uniong,
difficult nontechnical words, the type and length of the

sentences used (such as  compound, complex, or simple), the

number of clauses or prepositional phrases, the number of




personal pronouns, the number of monosyllabic words, and
other factors (Klare, 1963:46-47). As a result of their
investigation Dale and Tyler developed the foillowing

regression equation which yielded a correlation of .51 with
the criteria:
Az =94 B - 0.4 C + 2.2D + 114.4 (+/-9.0)

where A was defined as the percentage of adults of thirad to
fifth grade reading ability who could understand a passaze,
B was equal to the number of different technical words in
the passaze, C equated to the number of hard non-technical
words, and D was the number of indeterminate clauses presen:

(Dale and Tyler, 1934:384-412).

MceClusky

McClusky was the next researcher to expand the scope of
readablility. In his 1934 studies he used speed of realding
tests, rather than comprehension, as an index of a book's
readability. McClusky found that "easy" material contained
short sentences and simple terminology, while "hard"
material contained complex sentences and technical or
unfamiliar words (Klare, 1963:2006).

Although unique, McClusky's speed of reading tests did
not appear to have much influence on future readabiiity
studies. The next researchers who had did have such an

impact were Gray and Leary.
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Gray and lLeary

In 1933 Gray and Leary published a classic work on the

subject of readability entitled What Makes a Book Readable.

This text was, at that time, the most thorough work on the
subject ever printed. As a starting point for researching
this book, and in turn for developing their own readabilit
formula, Gray and Leary investigated all previous work on
the subject. They consulted with approximately 100 experts
in the field as well as over 170 library patrons. From this
initial investigation Gray and Leary developed a list of 289
factors which could influence an article’s readability. The
factors were then classified into four broad categorics:
context, style of expression and presentation, format, and
general organization. Of these, the style section was
chosen for further investigation.

As a result of running numerous statistical tests to
see which of the factors best correlated with reading score,
the researchers developed the following formula:

A= -.081029 B + .089012 C - .02094 D - .03313 E

- .01485 F + 3.774
where A is equal to the average comprehensive score for
adults of limited reading ability, B is equal to the numbcr
of hard words, C is the average number of personal pronouns,
D is the average number of words per sentence, E is the
percentage of different words, and F is the number of

prepositional phrases. Subsequent research found that this




formula correlated at the .6433 factor with the criteria
(Klare, 1963:49).
The last of the readability formulas to appear in the

1930s was the revised Washburne and Vogel formula.

Washburne and Morphett

In 1938 Carleton Washburne and Mabel Vogel Morphert
amended their original readability formula. These changes
were designed with the following purposes in mind: to
simplify the computations involved in computing grade levels
(without changing the accuracy of the oriyginal formula), as
well as to compensate for the skewing at the extremes oif the
grade d.stributions, which were major problems for the
vriginal formula.

bl

The new procedure they developed included the foilowving
steps: select a sample of 1060 words, count the numb:er oY
different words, count the number of uncommon words (those
not found in Thorndike’s first 1360), and finally 2ount the
numoer of simple sentences in 75 sample sentences. The
results obtained were then applied to the following formula

A 7 .002535 B + .84538 C - .0387 D + 1.294

(897

~here A is equal to grade placement, B is equal to the
number of different words, C is equal to the number of
different uncommon words, and D Is the number of simple

sentences (Washburne and Morphett, 1938:3355-36.1).




Lorce

In 1939 Irving Lorge published the next significant
work on the topic of readability. This work, inspired in
part by the Gray and Leary formula, is considered important
in this field because its formula was the first readability
measurement to be used extensively In occupations other thun
education.

Although the Lorge formula was originally desi_ned ¢
serve as "an estimate of the reading grade at whica the
average school child will be able to answer about 33 peircent
of the guestions concerning detail, appreciation, impor-,
vocabulary, and concept with adequate completeness and
correctness," this formula has never-the-less seen wide-
spread use (Lorge, 1939:1).

The attractiveness of this formula can be at*ribut:d o
the fact that it required only three elements to ccmpure:
the average sentence length, the number of prepositinnal
phrases, and the number of hard words (based on the Dale
list). Unfortunately, the original 1939 Lorge formula was
found to contain errors, and it was necessary for Lorge to
recompute his formula. This recomputation was published in
1943 . The revised formula is calculated as foullows:

A= .06 B + .10 C + .106D + 1.09

where A is the grade placement level, B is the average

sentence length in words, C is the number of prepnsitional




phrases por 106 words, and D ts the number of different hard

words per 100 words not on the Dale list.

Kessler

Like Lorge’s system, Edward Kessler's readability
measurement technique was inspired by the work of Gray and
Leary. The Kessler formula, however, was a shortened
version of the Gray and Leary formula. His methodology
consisted of: selecting ten paragraphs of approximately 100
~ulds each, counting the number of words, sentences, and
different hard words in the passages, then calcuiating the
average sentence length in number of words and the numher f
different hard words per 188 words, and finally comparing
those calculated averages with the standards developed LY
Gray and Leary (Klare,1963:55).

Kessler's work was the last formula to be developed
during the early readability period, a period characterized
by experimentation in defining what makes a piece of text
readable. Kessler's work was also the last readability
formula developed before the arrival of Rudolf Flesch, a

rescarcher who revolutionized the field of readability.
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3. The Recent Development of Readability Formulas: 1913-198"

The recent development of the readability formula
starts in 1943, with the arrival of Rudolf Flesch and his
Flesch formula. With this single event the field of
readability was dramatically changed. The Flesch formula
almost overnight hecame the standard by which most
subsequent readalbility formulas were either developed or
compared. It also served as the source formula for many
fauture examinations on the topiec of readability aprd its
relationship to the military publication (the subject of
chapter ).

In this chapter, the Flesch formula and the subseguent
research it inspired are examined. Additionally recont
rescearch extending the topic of readability are commented

ol

Flesch

Probably the best known and most referenced researcher
in the field of readability is Rudolf Flesch. Flesch’s
formulas on this topic are widely used in assessing the
veadability of a variety of texts. The reasons for this
extensive use are many, but include the formula’s basic
simplicity and the fact that Flesch was a master at

promoting it. In a series of books and articles Flesch

advertised his formula, his views on the importance of

1~
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readable writing, and his concept of readability to writers
in journalism, business, government, and the military
services (Klare, 1963:56).

Flesch's first formula on readability (1942) was
revised several times. The first revision was needed because
Flesch's formula had been based on errors present in the
original Lorge data, data which was absolutely essential four
the accuracy of Flesh’s computations. The second revisicn
was required because many people thought that the
computation of Flesch's formula was too difficul-.

In response to thesze criticisms, Flesch designed a
revised estimate of rcadability (1948) which consisted »°f
two different factors: reading ease (RE) and human interest
(HI) . To measure the factor of reading ease, Flesch

L
examined randomly selected sample passages, measured the
number of syllables (SY) per 180 words, and then measursd
the zverage number of words per sentence (ST). He then
placed the resulting numbers in this formula:

RE = 206.835 - .846 (SY) - 1.015 (ST)

The RE value obtained was then correlated with grade level.
[f the RE score was computed to bhe hetween 90-100, the
material was considered to be equal to fourth grade level
material. A passage which scored between 860-98 was equal to
fifth grade level, and a score of between 0-30 was writien

to the college level (Flesch, 1974:247).




The human interest score Flesch developed indicates

the liveliness of a writing style. This score is computed
by first counting the number of "personal words" (PW) per
100 words and then the number of personal scntences (PS) per
1000 sentences. The resulting numbers are then applied to
the following formula:

HI = 3.635 PW + .314 PS
If the HI score was between 6 to 10, the writing style was
considered to be uninteresting. If the score was from 10 to
20, the style was mildly interesting, and if an articilie

scored 880 or more It was sald to be written with a dramatic

writing style (Flesch, 1946:193).

Dale and Chall

The second most referenced formula in the field 5f
readability can be attributed to the work of Edguar Dale and
Jeanne Chall. Their procedure, which was desizned to
correct certain inadequacies of tne original Flesch formuilea,
first appeared in 1948.

Dale and Chall, in structuring their formula, thouyght
that a larger word list would be a better predictor of an
article’s reading difficulty level (particularly at the
upper levels of difficulty) than the Dale 769-word list.
They believed that the count of personal references as uscd
Ly Flesch w~as an unnecessary and time consuming step, and

that a more efficient readability formula could be developced
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by using only a word factor and a sentence facror as
predictors (Klare, 1063:59-61).

The technique these researchers used for computing
their readability formula consisted of: selecting sample
passages of the material tc be analyzed that contained at
least 100 words, computing the average sentence leng:i in
words for those passages, computing the percentase of ~voards
not included in the Dale list of 2000 wovrds, and then

applying the obtained results to the followving formula:

A= L1579 B + 0496 C + 3.603

[l

where A is the reading grade score of a student whe could
answer S8 percent of the test questions on a passage
corrcctly, B is the percentage ol words nut present in the
Dale list of 3000 words, and C is the average senteonce

length in words (Dale and Chall, 1948:11-20).

Farr, Jenwsins, and Patterson

Farr, Jenkins, and Patterson also developed a
readability formula (1951) which was a simplified version of
the Flesch Reading Fase formula. These authors proposed
that the syllable count present an tne rlescen toimula be
replaced by a count of one-syllable words. The rational-
for this chanzge was twofold:  that 1t is casier and faster
to count one syllable words than all the syllables present,
and that the requirement for a knowledge of syllabication on

the part of the uscr would not be needed (Klare, 1963:64).
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T use their formula all that was necessary was 'o
accumplish the following three steps: select a 100-wvord

sample from the material to be analyzed, count the number of

one syllable words per 109 words, and calculate the average

o
sentence length. Once these steps were accomplished the
result ing numbers were applied to the following formula:

A= 1,399 B - 1.015 C -~ 21.

7

o

Shere v was equal to the "new reading ease index," B was
equal to the number of one syllable words per 100 words, and
C ~as the average sentence length (Klare, 1983:84).
Gunning

Similar to Dale and Chall, as well as Farr, Jenkins,
and Paterson, Robert Gunning also revised the Flesch Reading
Ease formula (1952). He accomplished this revisinn Hy
replacing the total syllable count with a count of words
having three or more syllables. The procedure for using
this formula cunsisted of determining the averazZe sentence
length {(in number of words), counting the number of words oV
three or mere syllables to obtain the percentage of bhard
words, and then adding those two factors together. The
cesulting sum from this addition was multiplied by .4 to

obtain the Foyg ITndex (or the reading zZrade level required

g
for an accurate understanding of the material) (Klare,

1063:65) .




The F Index, according to Klare, wvas presumably

l)g
designed to be applicable for reading material that ranged

in difficulty level from sixth to twelfth grade (Klare,

1

4o

63:79). Additional evidence which supports this

o

conclusion comes from Gunning himself, who stated that 1Y an

article scored above a twelve on his Fog Index it was in

[

danger of being izgnored or misunderstood and shoul:d robad s

bhe rewritten (Gunning, 1952:383).

In 1934 Wilson Taylor examined the subject of
readability from a innovative perspective. A doctoral
student in psychology, Taylor approached the measurement f

Pheas

readability from a psychological mind-s«ot. Borrowing
from both Gestalt psyvchology and information theory, the
Taylorian method for determining readability consisted of
measuring "the percentage of correct guesses which a test
sroup made when blank spaces were inserted Iin a prosce sampie
to replace every fifth or sixth word" (Hirsch, 1077:91). Hee
then correlated the number of correct guesses with a reading
girade levei. Taylor’s technigue of measuring readanili-s i
completing or closing sentences came to he called the "CLoo

]

procedure” (Taylor, W., 1955:464-4065).
Subscequently it was Found that Taylor's Cloze procedure

yielded results which corrcelated remarkably well not only

with traditional readability formula scores, but with

30




reading comprehension scores as well (Taylor, W., 1957:19-
20,

One of the traditional readability formulas with which
the Cloze formula showed a high correlation is the Automated
Readability Index. This formula/mechanism, invented by R.

J. Smith and E. A. Senter, is discussed in detail below.

smith and Senter

In 1967 Smith and Senter created the Automatedd
Readability Index (ART). This formula/mechanism was
designed to automate the computation of a rext’s
readability. The formula portion of the ARI has been
revised several times, with the most recent revision
oceurring in 1970 (Smith and Kincaid, 1970:459). The
revised formula is calculated as follows:

RGL =-.58 (words/sentence) + 4.701 (strokes/word)

22.43.

The mechanical portion consists of an attachment to an
electric typewriter. This device tabulates the number of
words per sentence and the number of strokes per word.
Based on this tabulation an RGL is then determined (Smith
and Senter, 1967:abstract).

It is interesting to note, that the Smith and Senter
formula marked the end of an era, for during the latter half
of the 195380s the widespread interest in readability formulas

appeared to wane. However, despite this lessening of
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general interest, specific researchers began to examine the
applicability of using readability formulas to measure the

readability of military publications.
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4. Readabilirty

Formulas and Their Applicability

e

the Military Publication

This chapter examines the use of readabili

as assessment tools for military documents. Th

covered is addressed from the following perspec

the readability formulas developed exclusively

use will be explored. Then research examining

13

1

applicabilicy of using readability fermulas wi
Bk - =3 -

Locument s be summarired. article

Finally,

concepts paralieling the subject of readability

relationship to the military document

Cayvlior, Sticht, Fox, and Ford

Taking a traditional apprcach to the topic

readability (1973), Caylor, Sticht, Fox, and Fo

their research on developing a simple, easy-to-

readability formula. This formula was designed

the reading grade level of U.S. Army Jjob readin

in a valid and reliable manner (Caylor and octhe

The authors believed that it was necessary

new readability formula which could address the

of Army needs, which were characterized by youn

readers with low reading grade levels and job r

material containing heavy dosages of technical

Jargon.
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As part of the process for developing their formulas,
these researchers conducted an extensive literature review
on the subject of readability. From that hunt 15 suitable
variables were chosen for additional investigation. These
variables were grouped under the following categories: (1)
sentences, (2) words per sentence, (3) independent clauses,
(3) words per independent clause, (3) one-syllable vords,
(6) difficult words, (7) different difficult words, (&)
different words, {(9) three-or-more-syllable words, (160)
total number of syllables, (11) total number of letters,
(12) syllables per sentence, (13) number of letters per
sentence, {(14) seven-or-more-letter words, and (19)
different three-or-more-syllable words (Caylor and others,
1973: 7-8). These variables were tested using correlation
techniques. As a result of these tests the following
preliminary readability formula was developed.

RGL = 20.43 - (.11) (A)
where A equals the number of one-syllable words present in a
1580-word passage.

This formula was eventually simplified and dubbed the
FORCAST formula, named from its authors FORd, CAylor, and
STicht. The FORCAST formula is calculated as follows:

FORCAST RGL - 20 - A/18
where A equals the number of one-syllable words present in a

150-word passage (Caylor and others, 1973:15).
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This formula was subsequently validated by examining
the intercorrelations among FORCAST, Flesch, and Dale-Chall
readability indices and scaled reading grade level scores

{Caylor and others, 1973:16).

Kincaid, Fishburne, Rogers, and Chissom

Kincaid, Fishburne, Rogers, and Chisscm also souzht g
develop readability formulas (1975) which would be
appropriate for military personnel. Specifically, they useod
the techniques developed by Caylor and others (1973) to
modify existing readability formulas for use with the U.S.
Navy technical material.

Of the numerous formulas they examined, the most
interesting is the recalculated Flesch Readinyg Ease formula.
This formula stands out because it eventually became the
Department of Defense (DOD) standard for calculating the
reading grade level of its Technical Orders. This formula,
which is known as the Flesch-kincaid formula, or
alternatively as the Kincaid formula, is calculated as
follows:

A = .39 (B) + 11.8 (C) - 15.59
where A equals grade level, B equals words per sentence, and
C equals syllables per word (Kincaid and others, 19753:14).

Besides becoming the DOD standard for calculating the

readability of Technical Orders, the Kincaid formula was

also one of the earliest readability formulas to be




computerized. One of the first researchers to use these
newly developed formulas to determine the readability leve.

of Air Force regulations were Hooke, Deleo, and Slaughter.

Hooke, DeLeo, and Slaughter

In 1879 Hooke, DelLeo, and Slaughter attempted to
determine the readability of Air Force publications which
had been rewrititen to supposedly match the reading grade
level (RGL) of the intended users, The regulaticns chosen
for investigation had to be suitable not only for FORCAST
readability estimation (see Caylor 1973), but for the
development of CLOZE tests as well (Hooke and others,
1979:8). In their search for suitable material the author:
found seven regulations which met those requirements: Alr
Force Regulations 4-2, 6-1, 25-35, 39-18, 66-39, 144-1, and
190-23.

After analyzing the readability of these regulations
and the relationship to the intended users, the authors
determined that many individuals responsible for writing Air
Force regulations were not able to use the FORCAST formula
to accurately estimate the reading 2srade level of the
publication they had written, nor were they able to achieve
the target reading grade level of their intended audience.
This was especially true when the target RGL was below the
tenth grade. In occupations where the Reading Grade Levels

were relatively high, and there was no negative literacy
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wvap, comprehension of the regulations was at an azceptable
level; however, where the RGL of the users was low (<9.3),
there did tend to be a literacy gap and thus correspondingly
inadequate comprehension (Hooke «nd others, 1979:153-16).

Hooke and others recommended that writers of Air Force
reculations should receive additional training in the us= of
the FORCAST formula and in techniques to decrease the RGL ~F
their texts. Additionally these researchers ccncluded rhat
the practical problems of simplifying Air Force material
below the tenth grade level might be insurmountable becausc
most publications must contain a large number of f{ixed
polysyllabic terms (Hooke and others, 1079:108-17;.

Other authors equally concerned about the problems of
writing Air Force material to a particular Reading Grade

Level are those individuals assigned to produce Procedural

Manuals and Technical Orders.

Smith and Kincaid

In 1970 Smith and Kincaid attempted to determine the
applicability of using the Automated Readability Index to
examine the readability of United States Air Force Technica.:
Orders. Specifically, they sought to assess the value of
this instrument as a valid and reliable predictor of the
readability of the TOs. They also wished to determine the
ease of use of the formula, as well as any limitations that

might be present.
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Based on their analysis the following four conclusions
were drawn: First, ARI is a reliable measurement instrument
vielding a test-retest correlation consistently above the
.985 level. Second, the validity of the formula is suspect,
particularly at differentiating easy from medium versions of
material. Third, ARI is easy to use and it appears tc he
more ¢fficient and economical than traditional manual
techniques. Finally, if authors attempts to «rite material
specifically to achieve a low readability score they may in
fact dezrade the readability of the document (Smith and

Kincaid, 1970:457-461).

Johnson, Relova, and Stafford

Johnson, Relova, and Stafford also conducted an
investigation (1972) into the relationship between the
readability of Air Force procedural manuals and
discrepancies involving non-compliance with those
procedures. The study was undertaken in response to the
United States Air Force’s concerns over non-compliance with
written policies and procedures. The focus of the
investigation was limited due to the large number of
publications in existence. Rather than trying to sample all
Air Force publications, these investigators chose to focus
their research on administrative procedures.

In examining the publications, these rescarchers had

two objectives in mind: to assess the readability gap which
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existed between procedural manuals/regulations and their
target audiences, and to determine if a relationship exist2d
between the readability gap and the extent of non-compliance
with the procedures in those publications (Johnscn and
others, 1972:12).

The readability formula with which they analyzed th:
material was the Flesch formula. The reading grade leve.s
of the respective audiences for the varicus publicatiocns
were determined by analyzing the data obrained from the

TE
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Uniferm Military Record {UMR). The UMR servad
Aoeument through ~hich Johnson, Relova, and Staffaord ccuid
determine the reading zrade level for any Air Force
Specialty Code (AFSC).

As a result of this investication, Johnsoa, Relova, and
Stafford concluded that the number of errors which oceurred
~hen procedural tasks were performed were directly related
tu the differences between the readability of the procedural
documents and the reading ability of the users. They
further concluded that this situation was unacceptabl. and

should be remedied.

Mockoval

[In this often-cited 1974 study Mockovak addressed the
concerns of Johnson, Relova, and Stafford. Specifically, he
attempted to determine the reading demands of 36 differen:

A

Air Force career ladders, the average reading grade level of




individuals in those ladders, and the recading demands of
different types of training material (included in this broad
category were such diverse topics as Career Development
Ccarse material, Technical Orders, and resident training
literature) {(Mockovak, 1974:5)

The methodology used to acquire the above Informatisn
consisted of two steps: applying the FORCAST readability
formula to the "training materials"” (this step allowed
Mockovar to determine to what RGthhese marerials were
writren), and procuring the reading grade ievel =cores 37
AN Force personnel. Unfortunately, becaus. tne reaaing
srade level scores of the personnel did not exist, they had
to be estimated by applying the Airman's Qualifying Exam
{AQE) scores to a regres on equation developed by Madden
and Tupes (1966).

As a result of analyzing the data obtained from this
study, Mockovak concluded that both reading skills and
requirements varied widely among different Air Force carcer
fields. Additionally, his research revealed that in
approximately one quarter of the Air Force career ladders,
the reading requirement of the material for that ladder vas
more than two grades higher than the reading level of the

personnel assigned (Mockovak, 1971:8).
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hincaid, Aazard, O’Hara, and Cottrell

The approach of Kincaid, Aagard, O'Hara, and Cot:rell
(1981) to the subject of readability was unique. They
described how the computer could be used to assist authors
in their efforts to imprecve the readability of technical
manuals and training material. Specifically, they explained
how the computer could be programed to identify uncommon
words and long sentences. They also tested the computer's
abilities to edit difficult words, phrases, and sentences.
The computer readability editing system (CRES) that -hese
authors reported on used the Flesch-kKincaid readabili-v
formula {(also referred to as the Kincaid formula) to assess
the readability of technical material. This formula was
chosen because it was the Department of Defense <tandard {n-

cai vlating readability.

Kieras
Douglas Kieras also used the computer to invest’®zatc
the readability of Technical Orders. In a 1985 article

entitled, Improving the Comprehensibility of a Simulated

Technical Manual, Kieras argues that using a computcr-based

system to improve the comprehensibility of technical urders
makes sense. He claims that the traditional readability
formulas (those based on word familiarity and sentence
complexity) which had beer developed and used over the jears

are not adequate to address the problems associated with the
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rewriting of documents. To suolve this dilemma, Kicras
recommends using a series of rules he developed called the
"comprehensibility rules." These rules, which couver such
Jiverse areas as sentence structure, references, textual
coherence, and (4) textual organization, are desicned to
make the rewriting of technical orders easier.

\s evidence for the validity of this methodol gy,
Kicras rewrote technical urder passages using his
comprehensibility rules; he then compared the time required
Yo oread the old "poorly written" passages with the time
required tou read the rewritten passages.  The results of
this eaperiment substantiated the author’s contention that
the rewritten passages wore easier to read. Additional
evidence, which corroborates the value of using Kieras’
methodology to rewrite TOs, was the improvements in taskh

completion using the rewritten material.

Parallel Factors

This section of the thesis is included to provide the
reader vith vital background information relative to the
readabitity of Air Foree documents. The scope of the
materiar presented is broad and covers diverse topic areas
including methodologies for assessing the reading zrade
level of the service member, the effectiveness of

readability formulas at predicting comprehension, and the




impact of literacy gaps on reading comprehension scores,.

The first of the authors examined is William Mockovak.

Mockovak

Mockovak’s 1974 research attempted to determine the
reading requirement level of the training material for
different Air Force career fields. Specifically, he
cxamined a number of readability "formulas” to¢ assess their
applicability for this task. Included in this examina-ion

were:s Job Reading Task Tests (nor a true readability test

but rather a performance assessment techniquey, ~he Foo

i

Count, the CLOZE technigue, and the FORCAST Formula. I't
criteria used in choosing which fo;mula to ase included:
objectivity of the formula, the formula’'s wvalidity, its ease
of use, its preparation costs, and the time constraints
asscciated with running the tests.

As a result of these constraints Mockovak chose to use
the FORCAST formula for his analysis of the readability of
Air Force technical materials because it was previously ussd
with U.S. Army training literature, it included an effective
reading grade level range of 5 - 12.9, it was easy to use,
and it recquired relatively little computational time
{Mockovak, January 1974:10).

Another team of investigators who were conduct ing
research on readability in 1974 were Thomas Post and Harold

Price.
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Post and Price
Post and Price reported on requirements and critzeria
which they felt should be incorporated by Navy technioal

writers to improve the readability and comprehensibii ity o

their works. Specifically, the recommendations given wers

desizgned to achieve a reading grade 1T-vel of arvound 9.
These recommenda? tons, reiative to the subject of

readability, fell into six Jeneral areas.

The first area Jdealt with the need for creating
appropriate paragraph headings., Included tn this sec:iun
wore the recommendat ions that fifty percent of the
subparagraphs should have lead-ins or subheadings, and oot
these headings should be less than five words in length.
vdditionally, this section stressed the importance of
ensuring that all of the material within a paragraph was
consistent with the paragraph heading.

The second area Post and Price commented on was that
paragraphs should be limited to a few clearly identified

topics. Recommendations in this arca included writing clear

and concise topic sentences, limiting the prose material of
A paragraph to three main points, and prescnting the
material in a tabular form if five or more main points wers
tv. be ineluded.

The third area these investigators dealt with was the
topic of words per paragraph and words per sentence. The

key recommendat fon given in this area included: limiting




paragraphs to sixty words, limiting sentences to t.enty
words, changing complex and compound sentences to simple
sentences, eliminating prepositional phrases and unnecessary
modifiers, writing with an active voice and using "peak
stress emphasis” (underline, italics, or other highlighting
techniques) when lengthy paragraphs could not be avoided.

The fourth readability area the authors stressed -vas
the impurtance of eliminating lengthy and unfamiliar words
frem text. These authors thought that text designed for a
reading grade level of 9 should average about 1.3 syllablos
per word.

The final two areas these researchers commented on wvere
the importance of using pictures when introducing key
equipment and the significance of page formats for text

readability (Post and Price, 1974:60).

Mathews, Valentine, and Sellman

The main purpose of this 1978 study was to determine
the reading ability of service applicants and selectees, and
to assess what relationship, if any existed between the
Armed Services Vocational Aptitude Battery (ASVAD) and
reading grade level scores. Many people believed that the
ASVAB, due to its heavy emphasis on verbal contents, already
indirectly measured reading abilities. This bhelicf was
directly tested by these researchers (Mathews and others,

1978:5) .
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In designing their tests, the authors used both the
Gates-MacGinitie Reading Tests Survey D, and the Nelson-
Denny Reading Test Form C to establish reading grade level
scores for the service members. They then ran multiple
correlations between the ASVAB (and various sub-test
combinations of the ASVAB) and the Gates-MacGinitie, Nelsoun-
Denny, and the average reading grade level.

As a result of this experimentation, the authors
reached three conclusions. The medium Gates-MacGinitie
reading grade level of applicants who qualified for the
services was 10.2 (10.9 for the Air Force, 10.5 for the
Navy, and 9.3 for both the Army and the Marines;. The
multiple correlations between the three ASVAB subtest
combination of word knowledge, numeric operations, and
Zeneral science, and the Nelson-Denny, Gates-MacGinitie, and
the average reading grade levels were .77, .86, and .86.
Their research indicated that the ASVAB was effectively
screening out most of the service applicants with marginal

literacy skills (Mathews and others, 1978:7-11).

Kern

In 1930 Kern attempted to answer three specific
questions: How effective are readability formulas at
predicting comprehension for a targeted grade level? Does
rewriting material to a lower readability grade level

increase its comprehensibility? How does the requirement to
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write to a formula score affect the production of written
material {(Kern, 1980:2)7

In conducting this investigation Kern examined a number
of readability formulas, including the Gunning Fog Index;
the Kincaid formula; the Dale, Chall formula; and the Farr,
Jenkins, Patterson formula to see how well they predicted
reading grade level (RGL). He also analyzed recent
readability studies to see if they could help to provide
answers to his investigative questions. Based on this
research, kKern discovered three answers to his investigative
gquestion. All readability formulas were unreliable at
predicting the reading skill levels required to understand a
passage. Rewriting material to a lower grade level deces not
necessarily improve its comprehensibility. Requiring a text
to be written to a specific grade level score shifts the
attention of the author away from trying to communicate and

trying to reach a formula.

kniffin, Stevenson, Klare, Entin, Slaughter, and Hoole

The principal focus of this 1980 study was to examine
the impact of the "literacy gap"” (which is defined as the
difference between the reading ¢grade level of the service
member and the level of difficulty of the material that the
servicemember was required to comprehend) upon the reading

comprehension of the service member.




The methodology used by these authors consisted of
examining three independent variables: Air Force personnel
~ho had reading grade levels of eight and ten, Air Force job
related material (which in this case were career development
course (CDC)), written to literacy gaps of 0, -2, and -4,
and reading times of 38, 45, and 60 minutes (Kniffin, and
other 1988: Abstract). The values assigned to these
variables were derived in a number of different ways.

For the career development course material, th2 reading
grade levels were calculated by using the Kincaid formula,
which is a modified version of the Flesch Reading ecase
formula. {This formula is also used by the United States
Air Force to compute the reading grade levels for its
technical orders).

The service members’ RGLs were determined by using the
California Achievement Test: Reading Level 1. This test
was chosen because norms were available at grade equivalents
for grade levels of .6 to 13.6. Additionally, confidence
intervals for this test had been determined at the 935
percent, 99.9 percent and 99.99999 percent levels.

After conducting the tests and analyzing the data,
these researchers reached numbers of interesting
conclusions: literacy gaps produce a small but significant
difference in comprehension scores; increased reading time,
for the range of times used in the experiment, tends to

increase reading comprehension: however, the relation

18




between reading time increase and comprehension level
increase is such that subjects given more time learn less
efficiently; and finally, of subjects who expressed a
preference, the more readable passage was the one strongly

preferred (Kniffin and others, 1980:53).

Conclusions

Although numerous researchers have examined -he=
applicability of using readability formulas with military
publications, the issue is still unresolved. Both
dissenters (Kern, 1980) and supporters (Kincaid and others,
1973) of using readability formulas provide powerful
arguments Jjustifying their pesitions.

In terms of today's procedures, the supporters of using
readability formulas have seen their arguments prevail. 'The
specifics of the current method for examining the
readability of military publications are discussed in the

next chapter.
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5. A Synopsis and an Analysis of Current
Readability Applications in the USAF

The problem of readability and its usefulness in
military publications has been a concern of the United
States government for nearly 48 years. This chapter will
analyze current Air Force policy relative to the
readability of its publications. This presentation can be
divided into two subsections. The first subsection analy=es
articles focusing on the readability of regulations. The
second subsection examines articles exploring the topic of
readability and its relationship to technical orders and

procedural manuals.

Regulations

Two Air Force regulations (AFRs) serve as the primary
source documents for the readability of the Air Force

regulations. AFR 5-1, Air Force Publication Management

Program (April, 1986), explains the general Air Force
policies for producing a readable publication. AFR 3-8,

Preparing Air Force Publication (9 April, 1986), examines

those procedures at a greater depth, and suggests specific
techniques for implementing the policy guidance of AFR 5-1.
AFR 5-1 states that for regulations to be readable they
must, at a minimum, be written to comply with the plain
"English Standards.'" These standards seek to answer the

following 11 questions about the regulation. (1) Is it
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primarily written in the active voice? (2) Is the sty'e
used by the text uncluttered? (3) Are the sentences clearly
constructed and grammatically correct? (4) Do the sentences
average fewer than 21 words? (5) Are the sentences composed
of simple, familiar words or abstract words, unnecessarily
technical words and jargon? (6) Are there illogical or
inconsistent shifts in the point of view (tense, person, cr
voice) within a paragraph? (7} Is the material prresen-ed in
a logical sequence? (8) Is each paragraph limited to one
topie? (9) Is each paragraph as brief as possible? (10)
Are there as many main paragraphs as possible rather than
drawn-out subparagraphing? (11) Are the titles for parts,
chapters, sections, and paragraph descriptive and are :hey
designed to ensure that the issue of readability is
considered in the yriting o0 any regulation?

Alr Force Regulation, (AFR) 5-8, Preparing Alr Force

Publications, is the best source document available to the

project officer who prepares, manages, reviews, approves, or
uses Air Force publications. This regulation not only
provides general guidelines for improving the readability of
Air Force regulations, but it alsou gives specific
recommendat ions to authors as to how they can producc a more
understandable publication. Unfortunately, because this
information is scattered throughout the text of this
regulation, it is often difficult to find. To simplify this

procedure, pertinent areas will be summarized below.




Section 2-31, entitled Improving Readability, provides

+

two general recommendations for obtaining a more readable
writing style. The first recommendation is to replace
multisyllabic words with shorter words. The second
recommendation states that in order to achieve a more
readable text, one should simply rewrite the publication.
Nowhere in this section is it mentioned that the topic of

readabiiity is discussed elsewhere in the regulation.

Section 2-3, Preparing the First Draft, argues tha:
traditional readability factors should be considered in
writing regulations. This section emphasizes the importance
of using the folilowing factors to achieve a reacdabile writing
style: {1) language familiar to the intended users, (2)

short sentence and paragraph structure, and (3) unambiguou-

e
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language. Additionally, and perhaps most importantl.,
section directs the reader to attachment two of the
regulation for more information.

Attachment 2, entitled Procedures for Reviewing and

Editing Drafts, is divided into a number of different

sections. Section C, which examines the writing style of
Air Force Regulaticns, is of particular interest to the
rcecadability researcher. This section has been subdivided
into a number of topics, three of which deal directly with
the subject of readability. These pertinent topic ar-as

include: {1} sentence and paragraph length, (2) active




voice, and {3) techniques for improving the readability of
regulations.

The first section addresses the subject of sentence and
paragraph length. It recommends that sentences which make
up the paragraphs of regulations be no more than 20 words
long. It also suggests that authors keep their paragraphs
short (preferably to four or five sentences} so that the
readability of those parazraphs can be substantiaily
improved.

Section two advocates using the active voice “vhen
writing to improve the understandability of regulations.
Active voice is more natural and direct than the passive
voice, and it is easier for the reader to comprehend
information presented in this format.

The final section deals with other techniques that can
be used to improve the readability of regulations. Thesw
techniques consist of:  substituting one-syllable words for
longer words (see appendix number one for a sample of these
proponsed substitutions), writing directly to the reader by
attempting to use the second person, being concise, not
hiding the main idcas in the bLody of a paragraph, nct using
smothered verbs, not splitting predicates with prepositional
phases and clauses, not using the slash ("/") to combine
ordinary terms, and using parallel construction when

pussible.
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Additionally, Change 1 to attachmen' 2 provides a
listing of words designed specifically to produce a meo»e
readahle publication. A sample listing of these words is
provided in Appendix A.

Although the Air Force provides extensive guidance on
technigques for producing readable regulations, little
research exists which examines the effectiveness of that
suldance or the success that Alr Force writers have had in
implement ing that guidance. One notable exception o this

situation is the 1979 study of

Hooke, Deleo, and Slaughter,
discussed (a4 chapter 4.

In general, the Air Force approach for ensurinrg the
readability of its non-Technical Order publications seems
ancertain. Information on this topic is scattered among
numerous regulations, and the advice that is given does not
appear to have been empirically tested.

Additionaliy, this researcher found no official
justification for the recommendations that were given, nor
any precisce evidence indicating how well those
recommendat ions were being followed. It is interesting to
avtce that at once time the Alir Force required its regulations
to meet a readability standard. Why this requirement -vas

abandoned, however, is not clear. The Air Force uidance on

producing readable Technical Orders, however, is very clear.




Procedural Manuals/Technical Orders

The problems of writing Technical Orders (TOs) and
procedural manuals are more complicated than those of any
other document. Problems arise not only because technical
information itself is expanding at a tremendous rate, but
also because it comes from diverse sources. The scientists
ar engineer who creates the product, as well as the peopl:
“hu manufacture, inspect, service, and use the produact
possess complex information which must to be included
(AECMA, 1986:iii). Additionally, this information must b
written in such a ~vay that it is readable by its target
audience. To ensure that this requirement is met, the U.s,
Alr Force mandates that its technical orders and procedura!
manuals adhere to the requirements specified in AFR 8-2, Air

Force Technical Order System (17 April, 1987).

AFR 8-2, the Air Force's governing document on
Technical Orders, requires that numerous actions cccur prior
to the publishing of the Technical Order. Specifica:ly, the
process of producing a readable TO begins with the
contractor agreeing to write the narrative material orf th-
Technical Order to the reading grade level (RGL) of the
target audience, Excluded from this RGL requirement,
however, arc TOs that contain "little if any narrative”
text, such as:

(1) Alircraft Flight Manuals (-1 Serics)

(2) Job Guide Manuals (-2 JG Series)

N
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(3 Tilustrated Parts Breakdown (IPB) Manvals (-3
Series)

{4) Basic Weight Checklist and Loading Da*a “Manua's (-
3 Series)

{(3) Cargo Aircraft Loading Manuals (-9 Series)

(6) Non-Nuclear Munitions Delivery Manuals (-24
Series)

(7) Aceceptance and/or Functional Check Flight Mouals
(-O0CF-1 Series)

{3) Wwork Unit Code Manuals {-00 Series)

(9) List of Applicable Publications (LOAPS) (-01
Series)

10)  ANirveraft Inspection Manuals and Assosciat od
Worlkcards/Wourksheets (-0 and CWC/-6WS Sceries)

{11) Wiring/Schematic Diagram Manuals.

Viditionaliy, AFR 8-2 dircets contractors to identibs whioh

ANir Force Specialty Code (AFSC) would be required to use the
T, to determine thelir RGL, and to write the Technical Order
to that level. This regulation also states that information
regarding the RGL for each AFSC is avallable in MIL-STD-1752

{Military Standard Reading Level Requirements for the

Preparat ion _of Technical Orders). Unfortunately, when (his
researcher tried to verify that information Ly obtaining a
copy of MIL-STD-17532, he found that it had been dolotod.

The notice cancelling it stated that Technical Ordoers should
e written to an RGL of 9. Additionally, the cancellation
notice recommends using the Association Europeene Des

Constru teurs De Materiel Aerospatial (AECMA) document

number PSC-85-16598 (1986) entitled AECMA Simplificd




Enxlish: Guide for the Preparation of Aircraft Maintenance

Documentation in the International Aerospace Maintenance

Lanzuage as a tool to assist the writers of technical orders
in their efforts to achieve a ninth grade reading level
(MIL-STD-1752 Notice 1, 1988}. In assessing the utility of
this document as an aid to writing Technical Orders it is
important to understand the document’'s origins.

\ECMA-PSC-E85-16598 was born out of a need in the
acrospace industry for clear and concise communi carion of
complex maintenance information. As a starting point Uor
producing this document, the Asscciation of European
Alrlines asiied airplane manufacturers to investiJaie
readability criteria for maintenance documentation within
*he civilian aireraft industry. The response thney reveived
was overwhelming, with companies from Italy, France, Wost
Germany, Enzlard, Holland, and the United States all
chuosing to work on this project {(Appendix B provides a
complete list of participating companies).

The output this combined effort produced is urique f{or
a number of reasons: it establishes one word for a
particenlapr noticn, thus eliminating the problem of Jdiflcront
words being used to define the same thing, it rigidly
Jdefines the meaning of the word, and it establishes a set of
rules designed to simplify any author’s writing styleo.

The rules developed to achieve this simplified writing

style fall under eizht broad categories: (1) words, (2) the
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sroup.nng of vords, (3) verbs, (1) sentences, (3) preocedures,

{68) descriptive writing, (7) warnings and cautions, and (8)

punctuat ion (AECMA, 1986:1-08-1 throuch 2-2-93). Thes:-
wvere designed not to achieve a specific reading grade

but rather to simplify an author's writing. However,

lavel,

rutes

v

because the Air Force requires its technical manuals ard

vrders to be written to a ninth Zrade level (MIL-STD-1722

Norice 1, 10 July, 1988) 1t was necessary to consuls HMJL-d-

387848 (16 April, 1083) Military Specification Manuals,

Technicai: General Styvie and Foermat Reguirements ts seo 1o

this tasl is supposedly achieved.

MIL-M-338724B vas designed tou be used by all desartmeris

and agencies of the Department of Defense (DOD). Its
primary purpose is to establish the general styie and
requirements for the preparation of stondoard technical
manuals and changes thereto (MIL-M-33784B, 1032:1}).

Included in the general style category is the topic of

readability. This document requires that "technica!l

publications be writiten at a Reading Grade Level (RGL)

.
ot

commensurate with the capability of the target audience”

(MIL-+-33784B, 1983:15). It states that when tes ed,

.
1

e~

tecanical documents must not have an overall gsrade level

hich cxceceds the appropriate RGL by more than 1.0 grade

levels. Additionally, the grade level of each tested
i~ not to exceed the appropriate RGL by more than 3.0

levels, To ensure that RGL requirements of this

1
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specification arve met, thals document mandates that a

validation check ocecur. The specitic nature of this
cxtensive check can be found in Appendix C. Unlike the
topic of readability and regulations, the topic of
readability and its relationship to the military procedurai
manual/Technical Order has been extensively investigated.

Now that the procedures {for producing a readable
technical order have been clearly provided, the nex! step i
tu examine the Alr Force's rationale for following those
procedures.  The Alr Force selected the ninth grade as the
rargeted RGL Lecause most individuals entering the Alr Foraoe
had at least this RGL, and for those that did not, remedinal
reading training programs are available at most hases to
increase reading skill levels (Mockovak, 19074:1). It as
also thousht to be more economical to write to a s-andard
ninth srade level as opposed to reevaluating the reading
requirement levels for various Air Force Specialty Cor
{AFSCH .

The Air Force's stated rationale for excluding certain
series of Technical Orders from meeting the reading grade
level requirement is based on the assumption that those ToOs
contain little if any narrative text. Because text i-s
necessary to compute a RGL for a document, these TOs are not

. considered suitable for cvaluation according to the Flesch-

Kinraid readability formula.
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The Air Force decision to recommend the use of AECMA to
achieve a more readable writing style for its Technical
Orders appears to be based on a number of diverse factors
including the fact that AECMA was endorsed by most of the
free world’s major commercial aerospace companies (AECMA,
1986). Because AECMA provides specific rules for

simplifying writing style, this document was viewed, by the

Vir Fource, as a valuable first step in standardizing thelr
Technical Orders.

The DOD elected to use the Kincaid readability ‘ormu.a
to assess the readability of its Technical Orders for &«
number of reasons. The formuta was developed using militar:
personnel as subjects and using military technical
materials, and it was thought toc have appropriate norms.
Flesch type formulas (which include the Kincald formula)
have heen used extensively in evamining the i1ssue of
readability, and thus a greater number of people are lilely
to be familiar with their application. The word and
syllable counts required to use the Kincaid formula can be
casily determined, and finally, the Kincaid formula can bLe
usvo Lo ocumpute the reading grade level of a document =2ither
manually or automatically without too much inconvenience cor
cost (Kniffin, 1981:3).

The technique for achieving readable technical orders

and the justifications for using this technique at first

Go




slance seem solid. However, upon close examination numetrous
potential problem areas begin to appear.

The first of these polential trouble areas is the
requirement that the Technical Orders be written to a ninth
grade reading level. Numerous researchers have indicated
that the requirement 1s unnecessarily restrictive and may be
extremely costly to determine (Johnson and others, 1372:3;
kniffin, undated:3-4). Additionally, this rescarcher “ound
no studies examining the impact on the readability of a
document if the material were written to a RGL substan' iall:
beluw the RGL of its targeted audience. It is conceivable
that a lower RGL could make the material too simple to the
reader and thus less valuable as a tool for transferring
information.

The rationale for excluding certain types of Technical
Orders from meeting the ninth grade reading level
requirement also seems sound; however, once again a close
examination of the logic behind this choice reveals
problems. The first and most obvious discrepancy i-s the
incorrect fundamental assumption on which the decision
ruests, the assumption that -1 Series of Technica: Orders
contains little if any narrative text. This assumption is
obviously wrong, as the examination of any aivrcraft -1
clearly demonstrates.,

Another possible trouble area that contractors face in

ensuring that their Technical Orders are rcadable is the
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recommenhdation to use the AECMA Guide for the Prepara:ion of

Alrcraft Maintenance Documentation in the International

Maintenance Language as a guide to reach the ninth grade

rcading level. The problem with this advice is twofold;
first, AECMA was designed specifically as an aid for writing
Technical Orders relating to the aerospace industry, and it
may not be applicable for other Air Force Technical O=-der.,
Secondly, although the recommendat ions that AECM\ maies
appear logical, they do not seem to have heen empicically
tested.

The last step that the Air Force requires in vrder t)
check the readability of its Technical Orders contalns a!
least three potential problems. The first problem is that
the Kincaid formula was developed as a result of studies on

1

Navy personnel and Navy Technical Orders, and it mar no: bhe

an appropriate test for the readability of Alr Force
material. Secondly, even if future studies validate the u:se
of the Kincaid formula, the Alr Force’s decision to exclule
certain multi-syllabic technical words from calculation when
comput ing the Technical Order’s reading grade level
invailidates the use of this formula, thus causing the
reading grade level score to appear lower than it aciually
is. Finally, Kincaid’s (and others) 1973 article sho.s thc
original Flesch Reading Case formula calculated in a
different manner than that found in any other source (Klare,

1963:59; Fleseh, 1971:247-251). The formula as displayed by
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Kincaid and others (1975) is as computed as follows:
RE = 2086.835 - 1.815 (words/sentence) - .336 (syllables/100
words ).
However, the formula that appears in Flesch (1974) is
slightly different. This formula is calculated as follows:
RE = 286.835 -1.015 (words/sentence} ~.846 (syllables/100
words) .
The impact of the .01 difference between the two formulas is
vet to be determined, although logic wouid indicate that

this Influence is probably minimal.

Conclusions

The recent decisions to change the procedures for
determining the Reading Grade Levels of Technica! Ordcrs, as
well as the decision to exclude regulations from mee: ing
readability requirements, suggest that there is some
bewilderment about the usefulness of readability formulas
within the Department Of Defense. This confusion is further
evident by the recommendation to adopt the practices
indicated in the AECMA document. This recommendation
appears to imply that semantics, as well as syvllables per
word and words per sentence, are all important in
determining a publication’s readabiiity.

Additionally, the technique employed to determine the
Reading Grade Level of TOs bears reevaluation in lieu of the

findings in this chapter.
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6. Conclusions and Recommendations

Conclusions

Based on information presented in the previous chapters
it is reasonable to conclude that the Air Force does not
have a clearly defined methodology in place which can
confidently assure the readability of its publications. The=
current Air Force procedures employed to address this
problem are inadequate. Revaluation needs encompass both
the readability of Technical Orders and the readabilit, of
vother Alr Force publications.

Regarding the tupic of readability of its Techrical
Orders, the Air Force should reexamine the requirement to
write the material to a ninth grade reading level. To
automatically assume this requirement will save money
without empirically testing this assumption seems un.isc.

It is perhaps additionally imprudent not to investigate "he
impact of producing technical reading material significantly
below the reading grade level of the Intended user.

The Air Force rationale for excluding certain Techni.al
Orders froum mecting reading grade level requirements also
needs to be reexamined. This requirement, which is bas-d
specifically on the helief that these TOs contain little if
any narrative text, clearly does not apply to the -1
series of Technical Orders, and may not in fact apply to the

other excluded documents as well.

61




Another area that the Air Force should reconsider i
the recommendation to use AECMA as a tool to assist the
writers of Technical Orders in their efforts to achieve a
ninth grade reading level. This suggestion is premature for
a number of reasons. First, AECMA was designed to simplify
a writing style, not to achieve a specific reading grade
level.,  Although this document can be used as an effec: v
aid to writing to a 9 RGL it, does not cuarantee thusce
results., In fact many experts on readability caution
against writing to a formula, as this technique often
produces a document which is even less readeble (RKincalcd and
others, 1967:7).

Additionally, because AECMA was originally developed to
be used in the aerospace industry, it contains terminology
peculiar to that industry. Therefore the sugzestion thit I3
is applicable to all Alr Force TOs 1Is ursubstantiated and
bears further investigation.

FEgually unsubstantiated is the readability formula that
the Air Force uses (the Kincaid formula). This formula
shouid be evaluated to determine if it is applicabie to Alr
Force Teehnical Orders and to ascertain the magnitude of chy
impact ot the Alr Force decislion to exclude certain
technical words from being caleulated (by the formula) when
computing a rext’s reading grade level. The discrepancy
~shich exists between the original Flesch formula, as

reported by “lesch (1973), and the slightly different




version of the formula used by Kincaid in deriving his
formula should also be resolved.

Although the Air Force policy for establishing the
readability of its TOs appears inadequate, at least a
formally stated policy exists. This is not the case with
regulations and other Air Force publications. For these
documents the Air Force advice on obtaining a readable te:t
is poorly structured and difficult to find. The guidance
that is given appears sound, but unfortunately it does it
seein to have been empirically tested.

Ceonceivably the confusion that is appareni ir the
methodology and logic of applying readability formulas to
Air Force documents is indicative of the effectiveness anrd
values of readability formulas as a whole. While it would
be improper to deny that readability formulas have provided
meaningful assistance in the area of producing a readabl:
document, it seems clear that other aspects of style ave
important and should be considered when writing to produce a
readablle document (Vaughan and Ferkinhoff, 1.890:8).

To rectify this problem, and the others previously
ment ioned, additional research should be conducted. This
research may be costly but the results obtained might easily

makhe the investment worth while.
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Recommendat ions

Specific recommendations for future research iaclude:
Determining if the ninth grade reading level is really
the most desirable level for Air Force Technical Orders
to be written. Included in this analysis should bhe both
cost analyses, and more importantly, e¢ffectiveness
analyses.

Reassessing the decision to exclude rcertain Technical
Orders from meeting reading level reguirements.
Certainly any document which affects aircraf:
operations, aireraft Inspection, or munitions nani:.
needs to be written in a readable form.

Conducting a study to determine if 'he Kincaid formula
is really the best evaluative tool for determining

the readability of Air Force Technical Orders.

Analyzing the effectiveness of v in, AFRCMA as a tcoaol [or
simplifying the rewriting of material to a specified
Jrade level.

Developing guidance relative to the readability of

resulat ions and other military documents.
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Appendix A:

AFR 5-8 Listing of

Simplifyving Words and Phrases

INSTEAD OF THIS
accomplish
accomplish (a form)
accordingly

achieve the max’
results

uam

actual

adjacent tu

advise

afford an opportunity

after a thorough review
of your report, this
headgquarters approves
the recommendat ion
contained therein

all Iinformation will be

furnished promptly to

the commander

all these items will be

broken down in

separate categories

the

along lines of

ameliorate
and/or
append
appropriate

are desirous of

68

TRY THIS
do

prepare,complete,produce
fill in, make out,
out

s, therefore

get the most from

real

next to

N

tell, iaform

allow, let

we approve your
recommendat ion

inform the commander

promptly

list these
category

items by
like, similar
improve

(not both)

or, and

add, attach

suitable, pert inent,
relevant, proper, ri
or delete it)

want to

+

carry




are in receipt of
as a means of

as prescribed by

as to your request,
letter

ascertain
assizt

asSH>Uro

at & later date

at all times

at an early date

at the present time
at this time
attached hereto (or

herewvith)
attempts to
invited

attention 1is

auzment

biannual
biennial
by means of
5y virtue of

{has the
t )

capabillity
capability

to

received
to
under

about your

find out, 1

help, aid

to make sur
iilsure,
meaning
these, b

is often

cne of ¢t
later
always
soon, short

date)
now, curren

present ]
now

attached, a
here are

tries
see,

please

increase, ¢
expand
twice a yea
once 1in two
by, with
because

can

request,

earil

e, ensur:
{the
Is none o
ut the -vord
misused

hese)

by o give

tly, at presen

<-

ttacned 1o thi

note

AR -
BS GUNIFE N QU

Xtend, 2

r

vears

letter

the

<

[}




care should be taken
close proximity

cognizant of

combine

cummence

commensurate

comply with

concerning
conclude
consider favorably

consideration should be
given to the fact that

constitute(s)
contained in
containing
contains a
deemed to be
detailed
determine
develop

disseminate

do not give rise to

due in large measure

due to the fact that

caqual to,

to, to agree
carry 92ut, meet,
execute

about, on
end, close

approve

note that

are {(1s)

in

has, that have, et
has

considered

more, full
decide, find
make, grow
issue, get out,

distribute
do not apply
due to

because,

becauase of, since,

be careful, take care

close, near

aware of, know, havg
knowledge of, under-
stand, comprehend,
appreciate, alert to

join

hegin

corresponding
A i t :’1

satisfy,

circulate,

hence




during the periods when
echelons

effect an improvement
employ

ensure

equitable

establish

every effort will be made

evidences
evident

expedite

expense

experlience has indicated

explain

faclilltare

final

finalize

for the purpose of

for the reason that
forward

fullest possible extent

funct ions

sained from the following

source
senerate

vive consideration to

that

~}

when
levels
improve
use

make sure

fair

facts
clear

hasten, speed, co
promptly, makce

cost, fee, price
learned

1 . ..
toll, <hoy

ease, clear, heip, ail,
free, make easy

last

complete, finisn,
conclude, settle

for, to

since, because

send

fully, to the maximum
works

obtained, learned

produce

consider




Jovern

held a meeting
hereby

hereby advise
herein, hereinafter

herein set down

rule

met

by this

advise, advise by this
here

listed here, stated here

LISTING OF NONSEXIST TERMS FOR AIR FORCE PUBLICATIONS

INSTEAD OF

chalrman

clergyman(en)

Congressman{en)

cre.mani{en)

draftsman{en)

foreman ' en)

Journeyman (en)

Jurymarn (en)

layman{en)
man-hour(s)

mankind

USE

chairperson; chair; head
of the committee

clergy member

(s)
member({s) o

3
the clevgy

F
member(s; of Congress;
Congressmen and

Congresswomen
crewmembers
drafter(s)
supervisor{s);

superintendent ;
chief(s)

shop

Journey worker({s)

jury member{s); memher(s)
of the Jjury

lay persaon(s,
worlk hour(s)

human race




manmade

manned aircraft

manning

National Guardsman(en)

policeman(en)
pressmani{en)
repairman(en)

serviceman{en)

spokesman {(en)

steward({s);

unmanned alrcraft

undermanned
wat chman(en)
siremanfoen)
worlmen's

compensation

testracted from AFR 5-8

stevardess(oes)

Attachment

machine made;
artificialy

synthet fog
simuiat.erd

vccupied airorat:;
aircraft

pilotd

staffing

member(s) of the National

Guard

police officer(s)

Lress operator (s

repairer(s)

servicememboeris); scirvis -
men and servicowamon
spokesperson
flight attendant (s); casin
attendant (s

unoccocupied aireraft;
pilotless aireraft;
remotely pillotoed
vehiclce
understaffed
wvatchguard(s)
wirer{(s);

wireworker(s)

worker's compensation

2, 1985:57-61)




APPENDINX B:

AECMA Participants

COUNTRIES/COMPANIES
PARTICIPATING IN THE CREATION

OF AECMA

1. Airbus Industries
e France

3. Ttaly

t. Netnerlands

3. United Kingdom

7. West Germany

(extracted from AECMA,

Aerospatiale

Aeritalia
Aermacchi

Fokker

British Aerospace
Westland Helicopters

Garrett

General Electric
Goodyear rerospace
Grumman

Hamilton

Lockheed

McDonnell Douglass
Pratt and Whitnex
Sundstrand
Westinghouse

MBB

1963:9)
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.

ADDITIONAL ORGANIZATIONS
[NVOLVED IN THE DISTRIBUTION OF AECMA
DOCUMENT = P5S(C-85-16598

Nat ional Associations who are members of AECMA, and all
their member companies.

Members of Association of European Airlines (AEA).

Members of Aerospace Industries Association of america
(ANTA) .

Members of Air Transport Association of America (ATH).
Members of International Coordinating Counci! of
Aerospace Industries Associations (ICCATA, not 1aeludedd
in categories 1 to 4 inclusive.

Ministries of Defense of the member countries of 2LECM\y.

The Department cf Defense of the U.S.A.

fextracted from AECMA, 1963:unnumbered pagce)

~1




Appendix C:

for Determining

Computational

Methodology

{extracted trom MIL-M-38784B,

1.4.1. Sample selection.

for readability.

a. Count number of pages of text

shall include all full

in the form of consecutive

include pages containing ouniy illustrations,

cte.  Record number of

b. he basic number of samples is determined

folloving:

ND. OF TENT PAGES

959 and above

to 89

N
-—

32 to 53

1 to 31

c. Divide number of text

Round off gquotient to t

example, quotients of

off te 17. This quotient shall equal

samples to bhe analyzed.,

d. For publications that are lcss than

select twn samples and

Select

and partial pages

text pages.

DIVISOR

DIVIDE BY "N"

1983:38-48)
Samples of text shall

samples as follows:

sentences.

10

6

he next lowest

i ad 17.7

mark them for

pages by appropriate divisor, N

the RGL of Air Force TOs

be analyzed

in publication. he count

cortain tet

coun. shall nat

tabhles, lists,

by the .

BASIC NoO.

OF SAMPLES

MIN MAN
9 YY)
6 I
{ 6
2 1

numbeor. Foor
both be rounded

number of

pages, randoumi)

analyses.




. For publications that are 12 pages or more, randomiy
select a number between one and "N." The number selectad
shall be marked as first page of text tou pe analyzed.
Starting at selected page, mark every "Nth" page of rext to
end of publication. The marked pages shall identif;
starting points for remaining basic sampies to be analrszed.
. Cheol marked pages to verify that at least one sample
has been solected for each chapter of the pubiication. IV
any chapter has been missed, randomly select cne toxt pa
from that chapter and add it to the basic samples 1o Le
1

aniciyned.

t.4.2 Raw data collection. For each sample marked, ra.

data must be collected. Data collection will ~onsist of
counts of the numbers of words, sente=nces and syilables In
cach sample. The size of each sample is based on the nuamber
of words to be analyzed.

1.4.2.1 Word Count. Most samples will be slightl, more

than 2060 words; in some cases, samples will be smaller.
Word count samples shall he determined as follows:

a. Samples shall start at the beginning of the first full
paragsraph on cach marked sample page. If sample falls on oo
page containing procedural instructions, start sample at
beginning of first full sentence on page. Headings,
captions, and paragraph titles shall not be counted in the

sample.

-]
~]




For enach sample, count

sentence containing the 200th word.

all words up tc the end u

[t

pate is less than 26860 words, sample can be extended
page of text; but, do not extend sample into a new

or text pertaining to a completely new subject.

C. Counnt as a word all numbers, letters, symbols, an
qF letters surrounded by white spaces. Hyphenated

contractions count as one word. For example, ~ach o:
folloning count as one word: couldn't; GFE; [.e.; 2
13-1nch;y +25%F,

d.  Record number of words in each samp.e.

+.4.2.2  Sentence count. For each samp.e, count

senttences as follows:

a. Count all sentences

contains the 200th word.

b

. Count as

cunsidered grammatically

clause. A period, question mark, exclamation point,
semi-colon usually denote independent clauses and

the end nf a sentence.

¢ Record numbos of sontences i cach sample.

1.4.2.3 syllable count. For each sample, count number
syltables as follows:

a. For most words, count syllables the way the <vord
normally pronounced aloud. TFor example: at is one
syllable, maintain is two syllables, area is three

in sample

a sentence each unit

independent

including sentenc.

of thought that can

~1

L

of another sentenae

the marked sample

next

chapte=r

L 000

numbepr o r

.
taat

L

(N

and

thus mark

o

is




o1
Sy
v

five
b
63,
expr
couin
exNpr
four
C.

un e

n

N
* 4
—

o f o a
a.
Recn
b.
comb
.
comb
.
nuamh

(quot

ables, panoramic is four syllables, and recuperator

syilables.

Count all numbers as one syllable. For example, 3.

200 all count as one syllable. However, i
ession contains several numbers separated
t each number as a syllable. For example,
ession TM 9-1025-240-10, 9-1025-210-10 is
sviltables.,
Acrunyms and abbreviations are counted as
ss thoy acrually spell out a word ol more
able. For example, Hz and DM each éounr
able but TRADOC and ARRCOM cach count as

Record number of syllables in each sample.

3 Grade level ecaleculations.

s
LA

by
in

Ol

one
t ha

as

Wiy

3.1 Overall grade level., The Overall Grade

publication is calculated as follows:

Add up total number of words from all samples

rd total.

Add up total number of sentences from all
ined. Record total.

Add up total number of syllables from all

Ined. Record total.

Calculate the average sentence lenzZth. Diviae

er of words by total number of sentences.

Sam

Sam

Rao

numeoer

iy

L,

ic

hxprhens,

t he
ntod e

sy lab e
N e
ore

s‘}'] Tabiles,
lLevel (Gl

.. .
Collw L.

ples

ples

rotal

und off

ient to the nearest aone-hundredth. Record quotient.



c. Calculate the average number of syllables per worl.
Divide tota! number of syllables by total number of worids,
Round off qquotient to the nearest cne-hundredth. Record
quotient.
f. Calculate the Overall Grade Level (OGL) of publication
by the fellaving formula:
OGL-0.39 (Ave words/sentence)-11.3 (Ao
sylltables/word)-13.39
Round off the OGL to the nearest! oile-:'enitn

Jovon?2 Samle crade levels., Calceculate the GL of c¢ach
i '

sample as follows:
a. Calculate the average sentence length. Diside nunbes o7
words In sample by number of sentences in samplce. Round ofr
(quotient to the nearest one-hundredth.
L. Caleculate the average number of syllables per wori.
Divide number of syllables in sample by number of words in
sample. Round off quotient to the nearest one-hundredth.
C Calculate the Grade Level (GL) of each sample hy the
following formula:
GL=-0.39 (Avg words/sentences)+11.8
(Avyg syllables/waord)y-15.539

Round off each GL to the nearest one-tenth
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Abstract

This thesie provides a foundation for future research on the
subject of readability formulas and their use with Air Force
publicatione. It examines readability’s historical roots and studies
pertaining to the topic of readability and its application to the United
States Military in general, and the United States Air Force in
particular.

This presentation also describes and analyzes Air Force policies
relative to the readability of its publications. The results of this
analysie indicate that the current procedures, employed by the Air
Force, inadequately address the readability of publications. The
gpecific problems that were identified fell under three areas.

The first area addresses the Air Force’s decision to write
Technical Orders to a ninth grade reading level. This decision is
unsubstantiated on either economic or efficlency grounds.

The second problem concerns the questionable methodology used by
the Air Force to verify that the decired reading grad: level haz sndeed
bean achieved. The problem revolves around the use and misuse of the
Kincaid peadability formula.

The final area for concern is the Air Force's decicion to recommend
using Aecgociation Eurcpeene Des Conetructeurs De Materiel Aerospatial
(AECMA Simnlified Engliah Guide for the Preparation of Aircraft
Maintenance Documentation in the Aerospace Maintenance Language) as an
aid for producing esimplified technical writing. Thig ig a prcblenm
because AZCMA has never been empirically tested.
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